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ANALYTICAL LABORATORY TECHNIQUES FOR OIL SHALE 
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In t roduct ion  

From 1964 t o  1967, t h e  U. S. Bureau of Mines o i l  s h a l e  f a c i l i t i e s  a t  Anvil 
Points  near  R i f l e ,  Colorado w e r e  r e a c t i v a t e d  f o r  a cooperat ive i n d u s t r i a l  o i l  s h a l e  
research  program. Mobil O i l  Corporation ac ted  as manager f o r  th is  p r o j e c t  with f i v e  
o t h e r  major o i l  companies a c t i v e l y  p a r t i c i p a t i n g .  
Company, Cont inental  O i l  Company, Pan American Petroleum Corporation, P h i l l i p s  
Petroleum Company, and t h e  former S i n c l a i r  Research, Inc. Technical people from these 
o i l  companies, supported by personnel from t h e  Colorado School of Mines Research 
Foundation (CSMRF), c a r r i e d  out  an i n t e n s i v e  r e t o r t i n g  and mining research  program a t  
t h e  then  named Anvil Points  O i l  Shale  Research Center. This  paper descr ibes  t h e  
a c t i v i t i e s  of t h e  a n a l y t i c a l  l abora tory  which supported t h e  research  program. 
a c t i v i t i e s  would probably be t y p i c a l  of any such o i l  s h a l e  labora tory  i n  a remote 
l o c a t i o n .  Information on t h e  research  program may be found elsewhere (1) .  

The primary purpose of  t h e  a n a l y t i c a l  l abora tory  was  to serve t h e  r e t o r t i n g  
and mining research program as opposed t o  doing a n a l y t i c a l  research .  Some supple- 
mentary research  work a c t u a l l y  w a s  found necessary and w a s  done. However, the  scope 
of  t h i s  paper i s  l i m i t e d  t o  t h e  r o l e  of t h e  labora tory  as a support  group. 

These were Humble O i l  and Refining 

These 

The Laboratory and S t a f f  

The Bureau of  Mines bui ld ing ,  labora tory  f u r n i t u r e ,  and much equipment w e r e  
a v a i l a b l e  and used. 
complete t h e  physical  p a r t  of  t h e  laboratory.  
equipment and instrumentat ion t h a t  had a s h o r t  d e l i v e r y  time, w a s  r e l i a b l e ,  and was 
as simple as poss ib le .  No s k i l l e d  labora tory  instrument r e p a i r  service was ava i lab le  
o n s i t e .  , 

a n a l y t i c a l  chemists from t h e  p a r t i c i p a t i n g  companies. From four  t o  seven labora tory  
technic ians  w e r e  required during t h e  p r o j e c t .  
l imi ted  p r o j e c t  by t h e  CSMRF and had l imi ted  o r  no labora tory  experience.  

t e c h n i c a l  s t a f f  and t h e  technicians.  For t h e  technica l  people, t h i s  came from v is i t s  
t o  t h e  Bureau of  Mines S t a t i o n  i n  Laramie, Wyoming and t o  the CSMRF i n  Golden, 
Colorado. The technicians w e r e  t r a i n e d  o n s i t e  by t h e  chemists. 

Where necessary and j u s t i f i a b l e ,  new equipment w a s  added t o  
Our major concern w a s  ob ta in ing  

The s t a f f  was  headed by a superv isor  and a chemist, both profess iona l  

These w e r e  h i r e d  s p e c i f i c a l l y  f o r  t h i s  

Training i n  o i l  s h a l e  labora tory  techniques w a s  requi red  f o r  both the  

Analy t ica l  Methods 

A v a r i e t y  of methods was  used t o  analyze t h e  samples generated by the  
research  program. These are l i s t e d  i n  Table I. Many are or a r e  similar t o  ASTM 
methods and are so noted. Others are descr ibed below. 

F ischer  Assay 

One of t h e  most important tests w a s  the  Fischer  Assay on.raw and spent  
sha le .  A semiautomated apparatus was designed using t h e  bas ic  p r i n c i p l e s  of  t h e  
methods reported by t h e  Bureau of  Mines ( 2 ) ,  and t h e  CSMRF (3). 

One c o n t r o l  u n i t  of  t h e  s i x - u n i t  apparatus  is shown i n  Figure 1. This 
c o n t r o l  c i r c u i t  provided t h e  des i red  hea t ing  rate with an upper temperature l i m i t  



cutof f  and ind ica tor .  Temperature was monitored with the pyrometer, and hea t ing  
power with t h e  ammeter. All s i x  c o n t r o l  u n i t s  were mounted on an aluminum panel 
24 i n  by 66 i n .  

When an assay was s t a r t e d ,  t h e  v a r i a b l e  transformer was  set a f u l l  power 
(normally about 13.5 amperes), and the  high s e t  point  of t h e  pyrometer a t  510°C. 
When t h e  temperature reached 500"C, t h e  v a r i a b l e  t ransformer was adjusted t o  a pre- 
determined s e t t i n g  t o  maintain the  f i n a l  5OO0C temperature. Af te r  r e t o r t i n g  w a s  
complete, the  m a i n  switch w a s  opened. 

A complete d e s c r i p t i o n  of t h e  Fischer  Assay method is found i n  t h e  Bureau 
of Mines paper. 

Carbon and Hydrogen 

Precis ion carbon and hydrogen determinat ions were made using t h e  conven- 
t iona l  high temperature o x i d a t i v e  combustion technique followed by weighing the  
CO and H 0 formed. The apparatus  was s p e c i f i c a l l y  designed and assembled f o r  our  2 needs. d r e e  furnaces were used around a 19 mm'by 36 i n  Vycor combustion tube, 
packed according to Steyermark (4). Temperatures of  t h e  furnaces  were: 

4 i n  Sample Furnace 

1 2  i n  Middle Furnace - 680 f 10°C 
8 i n  Exi t  Furnace - 190 _+ 10°C 

- O i l  and Organic Standards 700 _+ 1 0 ° C  
G a s ,  Shale ,  and Inorganic  Standards 950 f 10°C 

For a l l  but gas  samples, the  sample furnace w a s  motor dr iven t o  allow an 
hour f o r  movement f r a n  i t s  i n i t i a l  p o s i t i o n  t o  i t s  f i n a l  p o s i t i o n  next t o  t h e  middle 
furnace.  When the f i n a l  p o s i t i o n  was reached, a t imer  was ac t iva ted  t o  give 45 
minutes addi t iona l  combustion time before  an end-of-run alarm sounded. 

For gas samples, t h e  sample furnace w a s  posi t ioned next  t o  the middle 
furnace. A r o l l  of copper gauze w a s  i n s e r t e d  i n  place of the combustion boat and 
a s p e c i a l  adapter  (Figure 2 )  added to  t h e  combustion tube i n l e t .  A 25% br ine  
s o l u t i o n  was used t o  d i s p l a c e  t h e  gas  s a m p l e  from a 1-liter gas  sample tube i n  
about 40 minutes. The combustion tube was then oxygen purged f o r  an addi t iona l  20 
minutes. 

Gas Chromatography of G a s  Samples 

2 ,  02, N2, CH4, CO, and H Retor t  gases were r o u t i n e l y  analyzed f o r  CO A 2 '  F i scher  Gas P a r t i t i o n e r  Model 25V wi th  two columns i n  s e r i e s  w a s  used. Column 1 was 
30 i n  o f  hexamethylphosphoramide on 60-80 mesh Columpak; Column 2 was 6.5 f t  of 
42-60 mesh ac t iva ted  13X molecular s ieve .  
mv range plug recorded t h e  chromatographic peaks. Both instruments provided t h e  
remote labora tory  with t h e  h i g h  r e l i a b i l i t y  required.  
gas f o r  determining a l l  components except hydrogen; n i t rogen  w a s  used f o r  determining 
hydrogen. 

A Sargent Model SR-25 recorder  with a 1.0- 

Helium was used as c a r r i e r  

Analyzed s tandard g a s  mixtures  were used f o r  c a l i b r a t i o n .  

To obta in  a composite sample f o r  an experimental r e t o r t  run, a continuous 
sample was s e n t  t o  a brine-displacement gas-holder a t  t h e  laboratory.  Approximately 
3 cu f t  of gas were c o l l e c t e d  v i a  a hea t - t raced  l i n e .  
ob ta ined ,  i t  was  then routed through a drying tube d i r e c t l y  t o  a 0 .5  ml sample loop 
a t  the  chromatograph. 

Af te r  a complete sample was 

Water Analysis 

Retor t  water produced by t h e  r e t o r t i n g  of  o i l  s h a l e  was analyzed because 
of i n t e r e s t  i n  cor ros ion ,  p o l l u t i o n ,  d i s p o s a l ,  and poss ib le  f u t u r e  u t i l i z a t i o n .  
Analyses were made f o r  NH C 1  , C 0 2 ,  s o l i d s ,  ash,  and pH. 3' 
Shale  Richness Dis t r ibu t ion  

Shale  r ichness ,  o r  assay ,  can be predic ted  from i t s  dens i ty .  Consequently 
t h e  r ichness  d i s t r i b u t i o n  of a sample can be determined from t h e  dens i ty  d i s t r i b u -  
t i o n .  Seven so lu t ions  of carbon t e t r a c h l o r i d e  and tetrabromoethane were prepared 
t o  cover  t h e  dens i ty  range of i n t e r e s t ,  1.6 t o  2.4. The volumes of measured s h a l e  
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samples f l o a t i n g  i n  graduates  of the  var ious s o l u t i o n s  were normalized t o  100% 
followed by a p p l i c a t i o n  of a r ichness-densi ty  r e l a t i o n s h i p  (5). 

Sampling 

Obtaining r ep resen ta t ive  samples of  raw and spent  s h a l e ,  and l i q u i d  and 
gaseous r e t o r t  products were always of major concern. Crushed shale, e s p e c i a l l y  
raw s h a l e ,  shows v a r i a t i o n s  i n  r ichness  with p a r t i c l e  s i z e .  Liquid product from 
r e t o r t s  is a mixture of o i l ,  water, and s o l i d s .  
en t r a ined  o i l ,  s o l i d s ,  and water.  

separated,  measured, and then analyzed ind iv idua l ly .  

The Fischer  Assay and o t h e r  tests on raw s h a l e  samples w e r e  t h e  bases of  material 
balances f o r  each experimental  r e t o r t  run. 

Several  s t e p s  of s i z e  reduct ion take  place from t h e  tons of raw sha le  
mined t o  t h e  100 grams of  raw shale  charged t o  t h e  l abora to ry  r e t o r t  f o r  Pischer  
Assay. However, t h e  minus eight-mesh s h a l e  fed t o  the l abora to ry  r e t o r t  must be 
r ep resen ta t ive  of t h e  sample of i n t e r e s t .  When raw s h a l e  i s  crushed, t h e  leaner ,  
more b r i t t l e  material concentrates  i n  t h e  f i n e r  p a r t i c l e s ,  while  t h e  r i c h e r ,  tougher 
material r e s i s t s  crushing and concentrates  i n  t h e  l a r g e r  p a r t i c l e s .  To dramatize 
t h i s  e f f e c t ,  Fischer  Assays w e r e  run on va r ious  p a r t i c l e  s i z e s  of  a crushed sample. 
The r e s u l t s  are shown i n  Table 11. 

q u a n t i t y  and p a r t i c l e  s i z e  before  analyses could be made. 
procedure was  developed t o  reduce the  i n i t i a l  q u a n t i t y  received t o  a b a s i c  775 t o  
825 gram port ion.  
another  s p e c i f i c  s p l i t t i n g  and combining procedure w a s  used to reduce t h i s  q u a n t i t y  
t o  t h e  amounts required f o r  t h e  individual  tests. 

Gaseous product from r e t o r t s  has  

The va r ious  phases of  the  l i q u i d  and gaseous samples w e r e  normally 

Sampling and sample s i z e  reduct ion of t h e  raw s h a l e  were very important.  

A l l  s h a l e  samples submitted t o  t h e  l abora to ry  needed t o  be reduced i n  
A r igorous s p l i t t i n g  

Then This po r t ion  was crushed to  pass an eight-mesh screen.  

Records 

As previously noted, t h i s  p r o j e c t  involved t h e  U. S. Bureau of Mines, t h e  
CSMRF and s i x  o i l  companies. 
records of samples and t h e i r  analyses w e r e  e s s e n t i a l .  
laboratory were s e q u e n t i a l l y  numbered and recorded i n  bound notebooks. Their 
i d e n t i t y ,  d a t e  received,  d a t e  analyses completed, and analyses  made were a l s o  
recorded. 
o r i g i n a l  bas ic  d a t a  were a v a i l a b l e  i f  required.  

Nine forms f o r  d a t a  workup and r epor t ing  were developed f o r  consis tency 
and s i m p l i f i c a t i o n .  A l l  of these  w e r e  co lo r  coded f o r  ease of i d e n t i f i c a t i o n .  

Before t h e  completed analyses on any sample w e r e  o f f i c i a l l y  r e l eased  
from t h e  labora tory ,  they were checked by one of  t h e  a n a l y t i c a l  chemists.  The 
philosophy maintained by the  l abora to ry  w a s  t o  r e p o r t  no r e s u l t  i n  preference t o  a 
ques t ionab le  r e s u l t .  

Under these  circumstances,  accu ra t e  and complete 
A l l  samples received by t h e  

Bound c a l c u l a t i o n  books were used and r e t a ined  f o r  each test, so t h a t  t h e  

Quality Control and Crosscheck Programs 

A planned and e f f e c t i v e  q u a l i t y  conrol  program w a s  maintained throughout 
t h e  r e sea rch  p r o j e c t .  
each was t o  run on t h e  q u a l i t y  cont ro l  samples each week. 
they submitted a form with t h e i r  r e s u l t s .  
v a r i a t i o n s  noted and inves t iga ted .  

program w e r e  updated. 
shown i n  Table 111. 

A schedule was  posted f o r  the t echn ic i ans  showing Aat  tests 
A t  t h e  end of t h e  week 

These were recorded and any abnormal 

Every t h r e e  months s tandard dev ia t ions  f o r  a l l  tests i n  t h e  q u a l i t y  c o n t r o l  
F ina l  s t a t i s t i c s  f o r  some of the  key t e s t s  i n  t h e  program a r e  

The number of q u a l i t y  c o n t r o l  tests run depended upon the  
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frequency of  each test normally requested and i t s  importance. 
5% of  t h e  normal work load.  

The i n t e r n a l  q u a l i t y  c o n t r o l  program took care  of t h e  p r e c i s i o n  of  the  
tests. However any labora tory ,  e s p e c i a l l y  a remote and r e l a t i v e l y  inexperienced 
labora tory ,  is a l so  concerned about t h e  absolu te  accuracy o f  its r e s u l t s .  Standards 
and s y n t h e t i c  samples were used where poss ib le .  In addi t ion ,  during t h e  program 
s e v e r a l  samples were crosschecked with o t h e r  l a b o r a t o r i e s .  
were made with the  Bureau of Mines a t  Laramie. Data were a l s o  exchanged with t h e  
CSMRF, Mobil, and Humble. Some of t h e  t y p i c a l  crosscheck d a t a  are shown i n  Table I V .  
The Fischer  Assay d a t a  are averages of  severa l  determinat ions.  
s a t i s f a c t o r y  t o  exce l len t .  

ana lyses  f o r  which t h i s  labora tory  was not  equipped. 
spectrometer  gas  ana lyses ,  and d e t a i l e d  analyses of o i l  and d i s t i l l a t i o n  f r a c t i o n s .  

They averaged about 
F ischer  Assays were run most f requent ly .  

Most of t h e  comparisons 

Agreements w e r e  from 

P a r t i c i p a t i n g  o i l  company l a b o r a t o r i e s  were a l s o  requested t o  perform 
Examples of these  were mass 

Corre la t ions  h o n g  Analyses 

During t h e  course of  analyzing severa l  hundred samples, some c o r r e l a t i o n s  
Most of these  were with t h e  among t h e  r e s u l t s  from s e v e r a l  methods w e r e  developed. 

Fischer  Assay o f  r a w  s h a l e .  
equat ions f o r  t h e  r e l a t i o n s h i p s ,  a s  w e l l  as  the  c o r r e l a t i o n  c o e f f i c i e n t  and s tandard 
devia t ion .  

A computer regress ion  ana lys i s  program developed t h e  

These d a t a  are g iven  i n  Table V. 

These r e l a t i o n s h i p s  compared wel l  with those previously obtained by t h e  
Bureau of Mines, and were very u s e f u l  t o  i n t e r n a l l y  check a n a l y t i c a l  r e s u l t s  f o r  
consis tency.  

Terminat ion  of  Program 

The Anvil Poin ts  O i l  Sha le  Research Center Laboratory was i n  opera t ion  
t h r e e  y e a r s ,  and s a t i s f a c t o r i l y  performed i t s  func t ion  as a support group. A t  t h e  
end of t h e  program, a l l  equipment and suppl ies  were appropr ia te ly  deac t iva ted ,  
s t o r e d ,  o r  otherwise disposed o f .  A l l  notebooks and records were f i l e d  and a f i n a l  
summary r e p o r t  was prepared. With t h i s  experience and newer instrumentat ion 
a v a i l a b l e ,  a labora tory  today could be s i g n i f i c a n t l y  improved. Undoubtedly much of 
t h e  success  of the labora tory  w a s  due t o  t h e  high s t a f f  r a t i o  of two a n a l y t i c a l  
chemists t o  four-to-seven technic ians  f o r  mostly rout ine  analyses. The chemists were 
a b l e  t o  c l o s e l y  supervise  the  r o u t i n e  work and develop and improve methods. I n  
a d d i t i o n ,  they were s t i l l  a b l e  t o  keep fami la r  with and c o n t r i b u t e  t o  t h e  research 
program. 
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TABLE I 

ANALYTICAL METHODS 

Name 

Ash Content of O i l  
Ash Content of Shale 
Benzene Ext rac tab les  i n  Shale  
C and H ( t o t a l )  i n  Shale ,  O i l ,  o r  Gas 
Density of Shale 
D i s t i l l a t i o n  o f  O i l  (10 lam.) 
Fischer  Assay of Shale  
Gas Analysis by Gas Chromatography 
Gravi ty  of O i l  
Mineral CO Content of  Shale  
Moisture ,Content of Shale  
Nitrogen (Kjeldahl) i n  Shale  and O i l  
P a r t i c l e  Size D i s t r i b u t i o n  of Shale  
Pour Point  of O i l  
Ramsbottom Carbon Residue of O i l  
Saybol t  Viscosi ty  of O i l  
Shale Richness Dis t r ibu t ion  
Water Analysis 
Water i n  O i l  
Water and Sediment i n  O i l  

s - method used s i m i l a r  t o  ASTM method 

2 

Procedure 

ASTM D 482 
950°C with a i r  
ASTM D 473 s 
S e e  Text 
Loose, packed, solid 
ASTM D 1160 
S e e  Text 
See Text 
ASTM D 287 
ASTM D 1756 s 
Vola t i les  a t  105°C 
ASTM E 258 s 
Sieve a n a l y s i s  
ASTM D 97 
ASTM D 524 
ASTM D 88 
See Text 
See  Text 
ASTM D 95 
ASTM D 1796 s 

TABLE I1 

VARIATION OF RICHNESS OF RAW SHALE WITH SIZE 

S i z e  (mesh) Gal/Ton (F ischer  Assay) 

+4 31.8 
-4, +8 30.6 
-8,  +20 28.6 . 

-20, +48 28.0. 
-48, +lo0 23.9 

-100, +zoo 20.8 
-200 19.6 



Material  

Raw Shale 

Shale O i l  

Re tor t  Gas 

TABLE 111 

INTERNAL QUALJTY CONTROL PROGRAM STATISTICS 

T e s t  Level 95% Confidence L i m i t  

F i scher  Assay 28 g a l / t o n  
17 W t %  
69 W t %  

Mineral  CO 
Ash 
Moisture 0.2 W t %  
Carbon 16 W t %  
Hydrogen 2 W t %  

2 

Carbon 
Hydrogen 
Nitrogen 

Carbon 
Hydrogen 

Tes t  

Fischer Assay 

Spec i f i c  Gravity (Oi l )  
Carbon (Raw Shale) 

(Spent Shale) 
(O i l )  

Hydrogen (Raw S h a l e )  
(Spent Shale)  
(Oi l )  

Mineral CO (Raw Shale)  

Ash (Raw Shale) 
(Spent Shale) 

(Spent Shale) 

84 w t %  
11 W t %  
2 W t %  

10 lb/MSCF 
0 .3  lb/MSCF 

TABLE I V  

SUMMARY OF CROSSCHECK DATA 

0.48 
0.32 
0.19 
0.034 
0.16 
0.063 

0.35 
0.55 
0.11 

0.48 
0.13 

Laboratory 
Anvil Poin ts  B of M Humble 

26.7 
30.7 

0.917 
16.3 
6.77 
83.9 
1.70 
0.30 
11.1 
16.5  
14.9 
68.2 
82.7 

27.0 
30.4 

0.917 
16.2 
6.78 
84 .8  
1.70 
0.27 , 

11.6 
16.2 
14.5 
68.4 
82.8 

TABLE V 

CORRELATIONS AMONG ANALYSES 

Equations of Rela t ionships  Corre la t ion  
(R - Raw Shale S - Spent Shale) Coeff ic ien t  

R Total  Carbon = (0.404)(FA) + 5.58 0.97 
R Organic Carbon = (0.444)(FA) - 0.25 0.97 
R Hydrogen = (0.0499)(FA) + 0.39 0.93 
R Ash = (-0.372)(FA) + 77.70 0.92 
R I g n i t i o n  Loss - CO = (0.511)(FA) + 1,085 0.92 
S Mineral CO = (-0.809)(Ash) f 82.20 0.99 2 

6.77 ; 

84.0 
1 . 7 2  
0.28 
11.4 

- 

Standard 
Deviation 

0.15 
0.16 
0.03 
0.24 
0.33 
0.23 



SH STRIP HEATING ELEMENTS: 12OV, 2 5 0 W  
R H  RING HEATING ELEMENT: IZOV, 5 0 0 W  
T THERMOCOUPLE 
A AMMETER:  0 -  25 AMP- AC 

SH V VARIABLE TRANSFORMER: IZOV, 25AMF ’” R RELAY:  ZOAMP, SPOT, NC . 
SH 
SH S CIRCUIT BREAKER: 20 A M P  
RH L INDICATOR LAMPS 

FISCHER ASSAY CONTROL CIRCUIT 
F I G U R E  I 

I 
1 6mm’ 0.0. . V 

GLASS WOOL 

S SILICONE STOPPER 

C $ ‘%s CAP 

T 3-WAY CAPILLARY STOPCOCK 

V VYCOR COMBUSTION TUBE 

I 
FROM SAMPLE TUBE C - H  ADAPTER - 

FIGURE 2 
GAS A N ALY S I S 


